Low femperafures in fhe 4-1OC (39-5OF) range were found in fhe laborafory fo delay germinafion of pasfure plank, especially of perennial grasses. Analysis of mefeorological dafa showed femperafures in fhis range fo be prevalenf during rainfall periods in fhe winfer (sowing) season in Israel's semi-arid Soufh, and fhey are considered a crifical facfor in seeding perennial grasses on arid range. Germinafion may be improved by agronomic measures, such as planf selecfion and breeding for cold resisfance and seedling vigour, fiming of seeding operafions, and soil surface freafmenfs fo increase soil femperafure.
In an arid environment, the establishment of plants otherwise adapted to climatic extremes often presents additional difficulties.
The soil surface is wetted only infrequently, and the germinating seed as well as the developing seedling must compete for the rapidly diminishing moisture of the seedbed. Seedlings may be regarded as established only after their roots have reached the moist deeper soil layers. Where rainfall comes in the cool season (winter rainfall), low temperatures may further retard and adversely affect germination and seedling growth. This may have been the cause of frequent past failures in range seeding operations (Tadmor and Hillel, 1956; Negbi, 1957; Arnon, 1958) .
There have been many studies on the temperature dependence of germination (reviewed amongst others by Lehmann and Aichele, 1931; Koller, 1955; Mayer and Poljakoff-Mayber, 1961) . However, few were found relevant to the species studied in this work or to semi-arid environments (Koller and Negbi 1955; Koller, 1957) . Most of the more relevant recent work has been reviewed by Dubetz, et al. (1962) who studied emergence from soil. The work of Went (1949) and of Jiihren, Hiesey and Went (1953) Seeds were germinated in g-cm petri dishes, on one layer of filter paper equivalent to Whatman No. 3. 3 ml of tap water were added on zero day and 2 ml more on zero + 2 day. There were 50 seeds in each dish, with 4 replicates, except for the larger-seeded Avena sterilis, of which 25 seeds were placed in each dish, with 8 replicates.
Germination
was carried out in humidified incubators at temperatures held constant to within + 0.8C, in the dark except for daily germination counts made in daylight. Counts were terminated on the 30th day or after no further germination had occurred for 7 days. Two parameters were used for analysis: days to "onset" of germination, defined as the day on which 10% of final (30-day) germination was reached; and days to "full" germination defined as the day on which 80% of final germination was reached at any one temperature.
In addition, mean days to germination (M.D.G.) were calculated, following Gassner as cited by Lehmann and Aichele (1931, p. 306) . This is, in fact, the reciprocal of Kotowski's (1926) coefficient of velocity, and calculated Z (n.Dn) as -7
where Xn is the total Zn ELLERN AND TADMOR number of seeds germinated, n the number of seeds germinated on any one day, and Dn the number of days elapsed on that day since zero day (of wetting).
The effect of ageing of seeds and after-ripening on germination was not studied in this work. Seeds were normally tested one year, and at the least several months, after harvesting. While Harper (1964) has drawn attention to the significance of seed polymorphism in relation to bulking seed lots for germination experiments, this problem has not been dealt with.
bosum were highly sensitive, being retarded by both the high (25-30C) and the low temperatures. The two Medicago spp. were retarded by the high temperatures.
Wheat, barley and Trifolium purpureum were less sensitive.
The analysis of rainfall and soil temperature data obtained for the rainy season at 2-5cm depths (Tadmor et al., 1964) showed daily mean temperatures to be often in the 8-20C range. Daily maxima in dry periods reached 30-35C and on clouded or rainy days dropped to 10-1X or less. Daily minimum temperatures were mostly in the 4-IOC range and minima of 2-4C were by no means rare. Monthly means for minima ranged from 5-lOC, for maxima from 15-30C and for daily means from lo-20C. These data guided the selection of temperatures employed in germination. 
Days to onset of germination (10% of final germination) as
Days to onset of germination. -The data for onset of germination are presented in Fig. 1 Mean days to germination (M.D.G.) .-As might have been expected, the data for M.D.G. (Fig. 5 and 6 exists in recent work attempting to incorporate the low temperature growth ability of Mediterranean into British grass strains for "early bite" (Morgan, 1964) .
Another, more short-term approach to ensuring establishment may be to alter seedbed temperatures by soil surface treatments and other agrotechnical means (Bement et al. 1961) . This seems to be a prerequisite to successful seeding under present conditions. Work on this point is in progress and preliminary results are promising (Cohen et al. 1965) .
Eight of the species were sensitive to the high temperatures normally encountered in the seedbed only in early and late winter (November and March). High temperatures should therefore not be limiting if sowing is suitably timed. While both the low (4-1OC) and the high (25-30C) temperatures adversely affected germination, the low temperatures delayed germination rather than depressing germination percentage.
Thus, even at 4C Oryxopsis holciformis germinated, but only reached "onset" on the 23rd and "full" germination on the 28th day ( Fig.  2 and 4) . While by the 30th day "final" germination percentage was below 20% at 4C as compared with over 60% at 1OC (Fig. 7) ) even at 4C, germination eventually reached 60% if counts were continued beyond the 30th day.
The high temperatures, on the other hand, depressed germination rather than delaying it. They hastened or did not delay onset of germination ( Fig. 1 and  2 ). Full germination of species sensitive to the high temperatures such as Medicago was much less delayed by the high temperatures (25-30C) than full germination of the cold-sensitive perennial grasses by the low temperatures ( Fig. 3 and 4) . The adverse effect of high temperature (30C) was most marked in depressing final germination percentage of Hordeum bulbosurn and Trifolium purpureum to well below 10%. This difference between the effect on germination of low and of high temperature, noted also by McGinnies (1960)) does not seem to have received sufficient attention. Otherwise, our data are in general agreement (Lehmann Dubetz et 1963) , 1931; al. 1962; Harrington, germination of Avena sterilis may have been due to dormancy.
As reported elsewhere (Tadmor et al. 1965) ) piercing the seedcoat of ungerminated grains remaining on the 30th day, as described by Thurston (1957) resulted in almost all tests in additional germination by the 50th day.
The concepts of time to "onset" and "full" germination were employed in analysis of the data, since the time factor seemed of overriding importance in discussion of temperature dependence of germination in a semi-arid environment.
The method was adapted from Koller (1957) and compares well with other forms of presentation.
The choice of 10% of final germination for onset and 80% for full germination is arbitrary.
10% rather than 20% of final germination was chosen for onset because of the positive skewness of the daily germination curve (Hepton, 1957) . It is important to distinguish here between "time to germination" and total or "final" germination percentage. Time to germination is the more important in this context.
As shown by the low final germination percentage of Hordeum bulbosum and Trifolium purpureum at 30 C (Fig. 7) and as stated by Heydecker (1960) , speedy germination does not necessarily coincide with high germination percentage. Mean days to germination (M.D.G.) were calculated for the analysis of our data following Harrington (1963) . This parameter was more comparable to days to onset and full germination than Kotowski's (1926) coefficient of velocity used by Heydecker (1960) and Dubetz et al. (1962) High temperatures (25-30C) had a less adverse effect on germination although they affected eight of the species. They should not adversely affect suitably timed seeding operations.
The usefulness of parameters other than final percent germination is discussed in evaluating germination data for semi-arid range plants.
